Background. Music therapy as an adjunct to treatment is rarely used in perinatology and obstetrics, despite the proven therapeutic effect. Auditory stimulation through music positively impacts the health of adults and infants, its special role being observed in the development of prematurely born neonates. It is equally interesting how music impacts fetuses.
Introduction
The extrauterine surroundings of a fetus are dominated by sounds coming from the mother's body, but the fetus also experiences sounds from outside the womb, which impact its development. Scientists suggest that experiencing sounds in the mother's womb is connected with the baby's preferences directly post-delivery and with the infant's health; therefore, wards hosting neonates should be designed in a way that allows infants the same type of experiences as in their fetal lives. 1 Scientists agree that in the prenatal period the fetus is capable of learning and discerning sounds; they point to a possible role of perinatal auditory experiences in the future development of speech and attachment. One of the studies revealed that infants who had listened to pop music from a television drama in their fetal lives showed changes in the rhythm of their heartbeats and more movement, and that they significantly changed their behavior while listening to it, up to 4 days post-delivery. 2 Musical stimulation significantly impacts human physiology and psychology; consequently, it should be carefully selected according to the aim of a particular therapy. Individual preferences and needs -and most of all, the health condition -should also be taken into account. 3 Several reactions of the body were observed, depending on the type of music being played. Fast-paced music leads to an increase in blood pressure and to faster breath. 4, 5 Slow-paced music leads to a lower heart rate and breath rate in comparison to their baseline values. 6 The soft sounds of a regular and low rhythm (lullabies) are perfect for fetuses and infants. 3, 6 Auditory stimulation through music positively impacts the health of adults and infants, its special role being observed in the development of prematurely born neonates. Numerous studies have proven that the mother's voice and the sound of her heartbeat have a tranquilizing effect and they show short-term clinical gains for prematurely delivered neonates. In Doheny's study, increased circulatory stability in neonates and less frequent apnea in prematurely born infants were observed after listening to the recording of the mother's voice and heartbeat, in comparison to listening to the sounds of medical apparatus. Even more beneficial effects were observed when combining the above-mentioned methods with kangaroo care. [7] [8] [9] A normalization in temperature, breathing, heart rate, and body mass were observed in neonates. Using such a therapy also led to an increase in saturation value and growth rate, fewer feeding intolerance instances, and shorter hospitalization periods.
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The mother's voice is one of the crucial sensual stimuli. In a study by Arnon et al., parents sang and played musical instruments in the intensive care unit; after the musical stimulation, heart rates were observed to decrease, and 30 min of deep sleep ensued. 16 In a study by Keith et al., a decrease in the frequency and length of crying episodes was observed in neonates. The outcomes of the research also pointed to an improvement in physiological parameters, such as heart rate, respiratory rate, saturation, and mean arterial pressure. 17 In the intensive care unit, the children who listened to lullabies cried less and slept more. Changes were also observed in mothers, who became significantly more tranquil during kangaroo care. 9, 18 Although the impact of music on the mothers' health is not the subject of our research, we do cite several examples of the impact of music on women in the pre-delivery period below. Childbirth may be a stressful experience in a woman's life, and assuming this new role may result in a decrease in quality of life, or it may reveal anxiety or depression. 19, 20 Having women listen to specially selected music is a significant element of care in such cases. Music shows many positive impacts on a pregnant female body, be it under normal physiological conditions or in a highrisk pregnancy. In a study by Sidorenko, music proved to be an effective therapy leading to the prevention of premature deliveries, and it successfully treated hypertension during pregnancy. Music has also been used as a perfect method of pre-operational preparation for caesarean delivery. A powerful stress-reducing effect was observed, leading to a lower dosage of anesthetics. 21 Music is successful under many circumstances and it may be used as an effective method to treat different conditions. In pregnant women, it significantly reduced anxiety and, following delivery, it proved to be a successful therapy in mitigating the symptoms of worsened temper, as well as facilitating breast-feeding. 20, [22] [23] [24] Following therapy of rhythmical music and lullabies in a neonatal intensive care unit, lower stress was also observed in the parents. 18 Based on the cited literature, it can be shown that many beneficial effects can be achieved through music therapy in infants and mothers. Fetal parameters under classical music have hardly been studied so far. In our research, only a single Polish study was found, and a handful of others in English on a similar subject. Since the experiences of hospitalized women and fetuses are important to us, this research subject was embraced.
The aim of the study was to assess the cardiac activity parameters of fetuses through cardiotocographic recording in women in the 3 rd trimester of pregnancy while listening to classical music by Pyotr Tchaikovsky, namely, "Swan Lake" and "Sleeping Beauty."
Material and methods
The study was conducted in 2015 at the Obstetrics Department of the University Hospital in Bydgoszcz, having received authorization from the Committee for Bioethics (No. 777/2014). The study included 48 women in the 3 rd trimester of pregnancy. The women gave their informed consent to participate in the study. The stage of pregnancy was between the 27 th week and the 41 st week (35 th week on average). The studied women were not at risk of premature delivery. In the initial stage of the study, non-stress tests (NST) were performed on 15 pregnant women without music and with "Swan Lake." On 15 other pregnant women, NST was performed without music and with "Sleeping Beauty," and on another 18 women, with both of previously mentioned compositions. Among the 18 women, 2 were carrying twins. The 1 st stage of the study consisted of cardiotocography of the fetus's cardiac activity with no (musical) stimuli to the fetus, and in analyzing the cardiocotographic parameters by means of a Sonicaid Team Standard Oxford apparatus. The 2 nd stage consisted of performing a 15-min music therapy session, where the women listened to "Swan Lake" and "Sleeping Beauty" from a tape recorder, followed by an analysis of cardiotocographic parameters by means of a Sonicaid Team Standard Oxford apparatus.
All cardiotocographic parameters were analyzed by means of the statistics pack, PQStat v. 1.6 (PQStat Software, Poznań, Poland). Owing to the fact that the studied parameters significantly diverged from the theoretical normal distribution (which was determined by a Shapiro-Wilk test), analyses were conducted with the non-parametrical approach. The levels of the studied parameters before and after musical stimulation were compared by a Wilcoxon signed-rank test. A testing probability of p < 0.05 was assumed to be significant, while p < 0.01 was assumed to be highly significant.
Results
According to the assumptions of the study, the values of cardiotocographic parameters from the 2 sessions were compared: with no music and with Pyotr Tchaikovsky's "Swan Lake" or "Sleeping Beauty." The studied parameters are presented in the tables below.
In the above analysis, after listening to Pyotr Tchaikovsky's "Swan Lake," a significant decrease in the values of cardiotocographic parameters was observed regarding the number of uterine contractions, >10 and >15 accelerations, and higher variability and lower variability. After listening to this musical piece, the fetuses' movements were observed to increase in number. The parameters of short-term variability slightly increased.
In this analysis, after listening to Pyotr Tchaikovsky's "Sleeping Beauty", a significant decrease in the values of cardiotocographic parameters was observed regarding the number of accelerations >10 and higher variability. After listening to this composition, a statistically insignificant decrease in the number of fetal movements and uterine contractions was observed (0.06). The shortterm variability parameters increased insignificantly.
The analysis did not reveal a statistically significant difference between the musical compositions used, as to which showed a larger influence on fetal parameters.
Discussion
The aim of the study was to assess fetal cardiac activity through cardiotocographic recording in women in the 3 rd trimester of pregnancy, with and without listening to classical music compositions by Pyotr Tchaikovsky. "Swan Lake" is characterized by a rhythmical tempo, while "Sleeping Beauty" can be classified as a lullaby. Music is rarely used as a form of therapy in perinatology. In fact, single studies on this topic exist, mostly regarding neonatal care in an intensive care unit, distress suffered by pregnant Comparing the number of fetal movements in the 2 sessions -with no music and with classical music -a significant increase in the number of fetal movements was observed after listening to "Swan Lake", from an average of 45 movements to 64. Poręba et al. presented their results on the impact of musical sounds on the performance of selected cardiotocographic parameters in full-term pregnancy (39.5 weeks of pregnancy on average). An increase of 8 movements was achieved under relaxing music. 25 In our study of the relationship with the increased number of fetal movements, it should be considered whether such music could be used in a situation when it is necessary to cause the fetus to react as a result of a non-reactive NST recording. An acoustic test with Pyotr Tchaikovsky's "Swan Lake" could serve in such cases as an alternative to VAS. In the study, no statistically significant changes were observed while listening to "Sleeping Beauty" in the number of fetal movements, which reduced from 62 movements to 54. Such behavior of fetuses likely stemmed from the peaceful rhythm of the lullaby-like composition. Some researchers claim that VAS with an excessively non-physiological pitch and intense sound, performed to provoke a reaction in the fetus, may even be dangerous for hearing development and health, and that it should be used with the utmost care. [26] [27] [28] In another study, listening to music during NST showed a positive impact on maternal and fetal parameters and an increase in the number of fetal movements was observed. 29 In a study by Annunziata et al., fetal movements, the number of accelerations, and short-term variability (STV) made a significant increase in VAS. For a low-risk pregnancy, an improvement in the values of accelerations and movements was found, while STV did not improve. The results indicate that only in high-risk pregnancy was the increase in STV, the number of movements, and accelerations following VAS significantly connected with the well-being of neonates. 30 Another analyzed parameter was baseline fetal heart rate (BPM). In this study, no difference was found between the BPM in cardiocotographic recording preceding the musical session and the BPM following the music therapy session. In the case of the study by Poręba et al., listening to music also had no influence on the baseline cardiac activity of the fetus. 25 Stemming from this situation, the received result is a beneficial and welcome phenomenon. Of key importance is the fact that the fetal cardiac activity parameters remain within the norms of 110-160 beats per min. 31 Al-Qahtani studied whether pre-natal exposure to music and to a human voice changes the fetus's behavior. It was found that the behavior of the fetus changed, indeed: fetal heart rate was observed to increase in response to music and to a human voice. 32 Similar observations were discovered by other researchers during ultrasound examination. Stimulation of the fetus with familiar music, frequently listened to by the mother, or with the voice of the father, caused an increase in the heart rate, opening of the eyes, bodily movements, and turning of the head and the entire body toward the source of the acoustic stimulus. 33 In other studies -as in ours -classical music caused a lower heart rate in prematurely born infants. In a study by Loewy et al., a decrease in heart rate and breath rate was observed while listening to a lullaby and to rhythmic music. Rhythmic music also contributed to effective suction and better sleep in infants. 18, 34 In the current study, a difference was observed between the number of uterine contractions in cardiotocographic recording without the use of music and the number of uterine contractions after listening to compositions by Pyotr Tchaikovsky. The number of uterine contractions decreased significantly under the influence of "Swan Lake" and non-significantly after "Sleeping Beauty." In studies by Poręba et al., an increase in the number of uterine contractions was observed in pregnant women. The discrepancy between the results by Poręba et al. and our results may stem from the selection of classical music as well as from the difference in the length of pregnancy. 25 In Poręba's study, all women were in full-term pregnancy, and predictory contractions may have occurred. 25 Meanwhile, in our study, not all women were in full-term pregnancy (35 th week of pregnancy on average), so a lack no music no music no music music music music high variability low variability short-term variability of contractions in their case was welcome. In proprietary studies, decreasing the number of uterine contractions under the impact of music is important and it can be used in the prevention of premature delivery, when an intensified uterine tension and contractions occur, causing a shortening and dilating of the cervix uteri. In contemporary perinatology, preventing premature deliveries is crucial. Pregnant women at risk of premature delivery suffer anxiety about the premature birth of their infants, which may further aggravate fear and lead to uterine contraction, and in effect, to preterm delivery. Therefore, relaxation with music is of key importance. In such a case, it may be argued that classical music, as used in this study, may serve as an additional therapeutic support in preventing premature deliveries, since a decrease in the number of uterine contractions was observed. In obstetric wards, it is often observed that women passively listen to and watch stressful television broadcasts. In such circumstances, therapy with classical music may be indicated as a method of supporting treatment.
In studies by Poręba et al., musical sounds played to pregnant women significantly increased the number of accelerations of the heart of the fetus, in comparison to NST without music. The accelerations increased on average from 12 to 17. 25 In proprietary studies, 2 types of accelerations were analyzed: >10 BPM and >15 BPM for a duration of 15 s. In every observation, the number of accelerations was decreased. According to the criteria of biophysical variable point allocation for NST, in a 30-min recording, 2 or more accelerations of fetal heartbeats -by at least 15 BPM -should appear, lasting at least 15 s, associated with fetal movements. 31 A decrease in the number of accelerations is not a good indicator of a fetus's well-being. The number of accelerations of >10 BPM lasting 15 s in cardiotocographic recording performed without the use of music was significantly higher in comparison to the values recorded during cardiotocographic examination with the music of Pyotr Tchaikovsky. Only during the music therapy with "Sleeping Beauty" no significant difference was observed in cardiotocographic recording in the number of accelerations of >15 BPM, lasting 15 s. However, the number of accelerations did not change to an extent which could endanger the health of the examined fetuses. The cause for the decreased number of accelerations might be the type of music played (lullaby), with fetuses becoming pacified during the music therapy session and falling asleep. According to the Recommendations of the Polish Gynecological Society, a lack of accelerations in cardiotocographic recording may indicate a period of fetal sleep or it may pose an alarming risk of in-utero hypoxia. 31 An increase in the number of accelerations was noted by Annunziata et al., when they analyzed fetal parameters following VAS. 30 In another study, listening to music during NST showed a positive influence on maternal and fetal parameters: researchers observed an increase in the number of accelerations. 29 In this study, the number of higher variability episodes was also analyzed. The analysis reveals that all parameters significantly differ from the results achieved through cardiotocographic examination while listening to Pyotr Tchaikovsky's compositions. Their number decreased, but not to an extent which could endanger the health of the fetuses. Using Tchaikovsky's music therapy in instances of tachycardia caused by the mother's anxiety can be appropriate and may result in beneficial effects.
In our study, the analysis also included short-term variability, the parameters of which are useful in identifying fetal hypoxia and the metabolic acidosis associated with it. An STV of less than 3 ms indicates a high risk of acidosis occurrence and/or in-utero fetal death, and it is the basis for quick decisions. 35, 36 In the presented research material, short-term variability values increased following each musical track, but they did not undergo statistically significant changes. This serves as proof of the beneficial effect of the selected music. The above-mentioned parameters were not included in the study by Poręba et al., so they cannot be compared. 25 In another study, STVs increased following VAS in high-risk pregnancies and they were significantly associated with the well-being of the fetus. However, in low-risk pregnancies, following VAS the STV parameters did not undergo any improvement. 30 In conclusion, the primary aim of this study was to evaluate the impact of classical music on fetuses in the womb. In spite of many publications dealing with music therapy in medicine, the number of papers on music therapy in obstetrics and perinatology is insufficient. 25, 29, 31, 37 In our study assessing the cardiotocographic recordings of a fetal heart in the 3 rd trimester of pregnancy while listening to Pyotr Tchaikovsky's "Swan Lake" and "Sleeping Beauty", a beneficial impact of music on fetal parameters was found. Music therapy, as a therapeutic method which is inexpensive and soothing, should be used more frequently in obstetrics wards, indicated by pathological pregnancies, isolation from the natural environment, and distress resulting from diagnostics and from being in an unfamiliar environment.
Conclusions
Music therapy is an effective method and it can serve as an alternative in medicine. In this study, it was revealed that music therapy may reduce the tension of the uterine muscle and intensify fetal movements. Therefore, this study serves as initial proof of the effectiveness of listening to classical music as a method of preventing premature delivery, as indicated by the decreased number of uterine contractions and fetal stimulation in cases of non-reactive NST.
